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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent dielectric W 
breakdown of a piezoelectric body layer. 
SOLUTION: An end part of an upper electrode 80 is placed 

inside more than an end part of a lower electrode 60 to be so 
an end part of a piezoelectric body active part 320 which 
is a substantial driving part of a piezoelectric element 300. 
A piezoelectric body layer 70 is set on the lower electrode 
60 projecting outside from the end part of the upper 
electrode 80, thereby constituting a piezoelectric body 
non-active part 330 which is substantially not driven. The 
piezoelectric body layer 70 is also set outside the end part 
of the lower electrode 60 to prevent dielectric breakdown 
of the piezoelectric body layer 70 in the vicinity of the end 
part of the lower electrode 60. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the actuator equipment possessing the piezoelectric device which consists of an 
electrode after being prepared on the piezo electric crystal layer prepared on the bottom electrode 
of a substrate established in the field through the insulating layer on the other hand, and the 
bottom electrode of this, and this piezo electric crystal layer The edge of said top electrode is the 
edge of the piezo electric crystal active section which is located inside the edge of said bottom 
electrode and turns into a substantial actuator of said piezoelectric device. Actuator equipment 
characterized by preparing said piezo electric crystal layer also in the outside of the edge of said 
bottom electrode while constituting the piezo electric crystal non-activity section which said piezo 
electric crystal layer is prepared on said bottom electrode which projected outside the edge of said 
top electrode, and is not driven substantially. 

[Claim 2] Actuator equipment with which the edge of said piezo electric crystal active section is 
characterized by being located inside [ circumferential corkscrew twist ] said pressure generating 
interior of a room while being prepared in the field corresponding to the pressure generating room 
where said piezoelectric device was formed in said substrate in claim 1. 

[Claim 3] Actuator equipment characterized by installing said piezo electric crystal layer to the 
same location as the edge of said bottom electrode, or its outside in claim 1 or 2. 
[Claim 4] Actuator equipment characterized by preparing the bottom electrode for wiring by which 
it sets they to be [ any of claims 1-3 ], and is prepared outside discontinuously [ said bottom 
electrode ] at the pan of the piezo electric crystal layer prepared in the outside of the edge of said 
bottom electrode, and an end is connected to external wiring for said every piezoelectric device. 
[Claim 5] Actuator equipment characterized by setting they being [ any of claims 1-4 ], and for 
said bottom electrode covering the piezoelectric device which plurality adjoins, and being prepared 
continuously. 

[Claim 6] Actuator equipment characterized by setting they being [ any of claims 1-4 ], and 
carrying out patterning of said bottom electrode for every piezoelectric device. 
[Claim 7] The ink jet type recording head characterized by joining the nozzle formation substrate 
which said substrate of which actuator equipment of claims 1-6 is a passage formation substrate 
which forms the pressure generating room which is open for free passage to a nozzle orifice, and 
has said nozzle orifice in the another side side side of this passage formation substrate. 
[Claim 8] The ink jet type recording head characterized by forming said pressure generating room 
in a silicon single crystal substrate. of anisotropic etching, and forming each class of said 
piezoelectric device by the thin film and the lithography method in claim 7. 

[Claim 9] The ink jet type recording device characterized by providing claim 7 or the ink jet type 
recording head of 8. 

[Claim 10] In the manufacture approach of the actuator equipment which forms on a substrate the 
piezoelectric device which carries out the laminating of a bottom electrode layer, a piezo electric 
crystal layer, and the top electrode layer one by one through an insulating layer, carries out 
patterning of each class, and consists of said bottom electrode layer, said piezo electric crystal 
layer, and said top electrode layer The 1st process which forms the bottom electrode layer 
clearance section which carried out patterning and removed said bottom electrode layer while 



forming said bottom electrode layer, besides — said piezo electric crystal layer and said top 
electrode layer — membrane formation — and, while carrying out patterning and forming said 
piezoelectric device The manufacture approach of the actuator equipment characterized by having 
the 2nd process used as the edge of the piezo electric crystal active section which forms the edge 
of said top electrode layer inside the edge of said bottom electrode layer, and turns into a 
substantial actuator of said piezoelectric device. 

[Claim 11] The manufacture approach of the actuator equipment characterized by removing said 
field [ / near the edge of said bottom electrode layer of the piezoelectric device concerned ] top 
electrode layer after forming each class which constitutes said piezoelectric device from said 2nd 
process in claim 10. 

[Claim 12] The manufacture approach of the actuator equipment characterized by vapor- 
depositing said top electrode layer by mask vacuum evaporationo to fields other than a field [ / 
near said bottom electrode edge of said piezoelectric device on said piezo electric crystal layer ] 
after forming said bottom electrode layer which constitutes said piezoelectric device from said 2nd 
process, and said piezo electric crystal layer in claim 10. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By impressing an electrical potential difference to a piezoelectric-material 
layer, this invention constitutes a part of nozzle orifice which carries out the regurgitation of the 
ink droplet especially, and pressure generating room open for free passage from a diaphragm about 
the actuator equipment which has the piezoelectric device which carries out a variation rate, and 
its manufacture approach, and relates to the ink jet type recording head and ink jet type recording 
device which a piezoelectric device is formed [ recording device ] in the front face of this 
diaphragm, and make an ink droplet breathe out with the variation rate of a piezoelectric device. 
[0002] 

[Description of the Prior Art] A part of nozzle orifice which carries out the regurgitation of the ink 
droplet, and pressure generating room open for free passage are constituted from a diaphragm, and 
two kinds are put in practical use by the ink jet type recording head which makes this diaphragm 
transform by the piezoelectric device, and the ink of a pressure generating room is pressurized 
[ recording head ], and makes an ink droplet breathe out from a nozzle orifice although what used 
the electrostrictive actuator in the longitudinal-oscillation mode elongated and contracted, and the 
electrostrictive actuator in flexurally oscillating mode were used for the shaft orientations of a 
piezoelectric device. 

[0003] The former can change the volume of a pressure generating room by making the end face of 
a piezoelectric device contact a diaphragm, and while the fabrication of the head suitable for high 
density printing is possible, a piezoelectric device is made in agreement with the array pitch of a 
nozzle orifice, the difficult process of carving in the shape of a ctenidium, and the activity which 
positions the piezoelectric device which was able to be carved in a pressure generating room, and 
is fixed are needed, and it has the problem that a production process is complicated. 
[0004] On the other hand, the green sheet of piezoelectric material is stuck according to the 
configuration of a pressure generating room, a certain amount of area is needed for a diaphragm at 
the comparatively easy process of calcinating this, on the relation using flexural oscillation of what 
can fix a piezoelectric device, and the latter has the problem that a high density array is difficult. 
[0005] On the other hand, that the inconvenience of the latter recording head should be canceled, 
what formed the piezoelectric device so that might continue on the surface of [ whole ] a 
diaphragm, a uniform piezoelectric-material layer might be formed with a membrane formation 
technique, this piezoelectric-material layer might be carved into the configuration corresponding to 
a pressure generating room by the lithography method and it might become independent for every 
pressure generating room is proposed so that JP,5-286131,A may see. 

[0006] There is an advantage it not only can fix a piezoelectric device by the simple technique of 
the lithography method precisely, but that the activity which sticks a piezoelectric device on a 
diaphragm becomes unnecessary according to this, and can make thickness of a piezoelectric 
device thin and high-speed actuation is attained. 

[0007] Moreover, although the piezoelectric device corresponding to each pressure generating 
room can be driven by preparing only a top electrode for every pressure generating room at least, 
preparing a piezoelectric-material layer on the surface of [ whole ] a diaphragm in this case As for 



the piezo electric crystal layer which constitutes the piezo electric crystal active section from a 
problem of this stress to a piezo electric crystal layer in the part over the part which counters the 
amount of displacement and pressure generating room per unit driver voltage, and its exterior, and 
a top electrode, it is desirable to form so that it may not come out to pressure generating outdoor 
as much as possible. 

[0008] Then, after carrying out patterning of the bottom electrode, while carrying out patterning 
and forming a piezoelectric device, membrane formation and the structure which installed the piezo 
electric crystal layer and the top electrode on the peripheral wall from the end section are 
proposed in the piezo electric crystal layer and the top electrode. 
[0009] 

[Problem(s) to be Solved by the Invention] However, with above-mentioned structure, on the 
bottom electrode by which patterning was usually carried out, in order to form a piezo electric 
crystal layer by a wet method or the sputtering methods, such as a sol-gel method, etc., the piezo 
electric crystal layer near the edge of a bottom electrode will be formed more thinly than other 
parts. When an electrical potential difference is impressed in this condition, field strength becomes 
large in a part with a thin piezo electric crystal layer, and there is a problem that dielectric 
breakdown will occur. 

[0010] This invention makes it a technical problem to provide with an ink jet type recording head 
and an ink jet type recording device the actuator equipment which prevented dielectric breakdown 
of a piezo electric crystal layer and its manufacture approach, and a list in view of such a situation. 

[0011] 

[Means for Solving the Problem] The 1st mode of this invention which solves the above-mentioned 
technical problem The bottom electrode of a substrate established in the field through the 
insulating layer on the other hand, In the actuator equipment possessing the piezoelectric device 
which consists of an electrode after being prepared on the piezo electric crystal layer prepared on 
the bottom electrode of this, and this piezo electric crystal layer The edge of said top electrode is 
the edge of the piezo electric crystal active section which is located inside the edge of said bottom 
electrode and turns into a substantial actuator of said piezoelectric device. While constituting the 
piezo electric crystal non-activity section which said piezo electric crystal layer is prepared on 
said bottom electrode which projected outside the edge of said top electrode, and is not driven 
substantially, it is in the actuator equipment characterized by preparing said piezo electric crystal 
layer also in the outside of the edge of said bottom electrode. 

[0012] In this 1st mode, the distance of the edge of the piezo electric crystal active section and 
the edge of a bottom electrode can be detached, and dielectric breakdown by electric-field 
concentration in the longitudinal direction edge of the piezo electric crystal active section is 
prevented. 

[0013] In the 1st mode, while the 2nd mode of this invention is prepared in the field corresponding 
to the pressure generating room where said piezoelectric device was formed in said substrate, the 
edge of said piezo electric crystal active section is in the actuator equipment characterized by 
being located inside [ circumferential corkscrew twist ] said pressure generating interior of a room. 
[0014] In this 2nd mode, actuation of the piezo electric crystal active section is not barred, and 
dielectric breakdown of a piezo electric crystal layer is prevented. 

[0015] The 3rd mode of this invention is in the actuator equipment characterized by installing said 
piezo electric crystal layer to the same location as the edge of said bottom electrode, or its 
outside in the mode of the 1st or 2. 

[0016] In this 3rd mode, a top electrode and a bottom electrode are insulated certainly and 
dielectric breakdown of the piezo electric crystal layer near the edge of a bottom electrode can 
prevent certainly. 

[0017] the 4th mode of this invention — which 1-3rd voice — it is in the actuator equipment 
characterized by preparing the bottom electrode for wiring by which it sets like, and is prepared 
outside discontinuously [ said bottom electrode ] at the pan of the piezo electric crystal layer 
prepared in the outside of the edge of said bottom electrode, and an end is connected to external 
wiring for said every piezoelectric device. 



[0018] In this 4th mode, a bottom electrode and the bottom electrode for wiring are certainly 
insulated by the piezo electric crystal layer, and wiring can be formed easily. 
[0019] the 5th mode of this invention — which 1-4th voice — it sets like and is in the actuator 
equipment characterized by for said bottom electrode covering the piezoelectric device which 
plurality adjoins, and preparing it continuously. 

[0020] In this 5th mode, the rigidity of a bottom electrode improves and endurance improves. 
[0021] The 6th mode of this invention is in the actuator equipment characterized by carrying out 
patterning of said bottom electrode for every piezoelectric device in which 1-4th modes. 
[0022] In this 6th mode, the amount of displacement by actuation of the piezo electric crystal 
active section improves. 

[0023] the 7th mode of this invention — which 1-6th voice — it is in the ink jet type recording 
head characterized by joining the nozzle formation substrate which said substrate of actuator 
equipment [ like ] is a passage formation substrate which forms the pressure generating room 
which is open for free passage to a nozzle orifice, and has said nozzle orifice in the another side 
side side of this passage formation substrate. 

[0024] In this 7th mode, the ink jet type recording head which can perform the good ink 
regurgitation from a nozzle orifice is realizable with actuation of a piezoelectric device. 
[0025] The 8th mode of this invention is in the ink jet type recording head characterized by forming 
said pressure generating room in a silicon single crystal substrate of anisotropic etching, and 
forming each class of said piezoelectric device by the thin film and the lithography method in the 
7th mode. 

[0026] In this 8th mode, the ink jet type recording head which has the nozzle orifice of high density 
can be manufactured in large quantities and comparatively easily. 

[0027] The 9th mode of this invention is in the ink jet type recording device characterized by 
providing the ink jet type recording head of the mode of the 7th or 8. 

[0028] In this 9th mode, the ink jet type recording head which improved the dependability of a head 
is realizable. 

[0029] On a substrate, the 10th mode of this invention carries out the laminating of a bottom 
electrode layer, a piezo electric crystal layer, and the top electrode layer one by one through an 
insulating layer, and carries out patterning of each class. In the formation approach of the 
piezoelectric device which forms the piezoelectric device which consists of said bottom electrode 
layer, said piezo electric crystal layer, and said top electrode layer The 1st process which forms 
the bottom electrode layer clearance section which carried out patterning and removed said 
bottom electrode layer while forming said bottom electrode layer, besides — said piezo electric 
crystal layer and said top electrode layer — membrane formation — and, while carrying out 
patterning and forming said piezoelectric device It is in the manufacture approach of the actuator 
equipment characterized by having the 2nd process used as the edge of the piezo electric crystal 
active section which forms the edge of said top electrode layer inside the edge of said bottom 
electrode layer, and turns into a substantial actuator of said piezoelectric device. 
[0030] In this 10th mode, the piezo electric crystal active section can be formed comparatively 
easily. 

[0031] The 11th mode of this invention is in the manufacture approach of the actuator equipment 
characterized by removing said field [ / near the edge of said bottom electrode layer of the 
piezoelectric device concerned ] top electrode layer at said 2nd process in the 10th mode after 
forming each class which constitutes said piezoelectric device. 

[0032] In this 11th mode, the piezo electric crystal non-activity section can be formed 
comparatively easily. 

[0033] The 12th mode of this invention is in the manufacture approach of the actuator equipment 
characterized by vapor-depositing said top electrode layer by mask vacuum evaporationo to fields 
other than a field [ / near said bottom electrode edge of said piezoelectric device on said piezo 
electric crystal layer ] at said 2nd process in the 10th mode after forming said bottom electrode 
layer which constitutes said piezoelectric device, and said piezo electric crystal layer. 
[0034] In this 12th mode, the piezo electric crystal non-activity section can be formed 
comparatively easily. 



[0035] 

[Embodiment of the Invention] This invention is explained at a detail based on an operation gestalt 
below. 

[0036] (Operation gestalt 1) Drawing 1 is the decomposition perspective view showing the ink jet 
type recording head concerning the operation gestalt 1 of this invention, and drawing 2 is the top 
view and a sectional view in the longitudinal direction of one pressure generating room. 
[0037] The passage formation substrate 10 consists of a silicon single crystal substrate of field 
bearing (110) with this operation gestalt so that it may illustrate. As a passage formation substrate 
10, a thing with a thickness of about 150-300 micrometers is used, and about 180-280 
micrometers of things with a thickness of about 220 micrometers are usually more desirably 
suitable desirably. This is because an array consistency can be made high, maintaining the rigidity 
of the septum between adjoining pressure generating rooms. 

[0038] One field of the passage formation substrate 10 turns into an effective area, and the elastic 
membrane 50 with a thickness of 1-2 micrometers which consists of diacid-ized silicon beforehand 
formed by thermal oxidation is formed in the field of another side. 

[0039] On the other hand, the nozzle orifice 1 1 and the pressure generating room 12 are formed in 
the effective area of the passage formation substrate 10 by carrying out anisotropic etching of the 
silicon single crystal substrate. 

[0040] If anisotropic etching is immersed in alkali solutions, such as a potassium hydroxide, a 
silicon single crystal substrate here It is eaten away gradually and nothing, and the above- 
mentioned (110) field and the 2nd field (111) which makes the include angle of about 35 degrees 
appear the 1 st field (111) vertical to a field (1 1 0), this 1 st field (111), and the include angle of about 
70 degrees. (110) It is carried out using the property in which the etching rate of a field (1 11) is 
about 1/180 as compared with the etching rate of a field. By this anisotropic etching, precision 
processing can be performed on the basis of depth processing of the shape of the 1st two field 
(111) and a parallelogram formed in respect of [ slanting / two ] the 2nd (111), and the pressure 
generating room 1 2 can be arranged to high density. 

[0041] The long side of each pressure generating room 12 is formed, and the shorter side is formed 
in respect of the 2nd (111) in respect of the 1st (111) with this operation gestalt. This pressure 
generating room 12 is formed by etching until it penetrates the passage formation substrate 10 
mostly and reaches elastic membrane 50. In addition, elastic membrane 50 has the very small 
amount invaded by the alkali solution which etches a silicon single crystal substrate. 
[0042] On the other hand, each nozzle orifice 1 1 which is open for free passage at the end of each 
pressure generating room 12 is formed more shallowly [ narrow ] than the pressure generating 
room 12. That is, the nozzle orifice 1 1 is formed by etching a silicon single crystal substrate in the 
thickness direction to the middle (half etching). In addition, half etching is performed by adjustment 
of etching time. 

[0043] Here, the magnitude of the pressure generating room 12 which gives an expulsion-ol^an- 
ink-droplet pressure to ink, and the magnitude of the nozzle orifice 1 1 which carries out the 
regurgitation of the ink droplet are optimized according to the amount of the ink droplet which 
carries out the regurgitation, regurgitation speed, and a regurgitation frequency. For example, when 
recording 360 ink droplets per inch, it is necessary to form a nozzle orifice 1 1 with a sufficient 
precision with the flute width of dozens of micrometers. 

[0044] Moreover, each pressure generating room 12 and the common ink room 31 mentioned later 
are opened for free passage through the ink supply free passage opening 21 formed in the location 
corresponding to the end section of each pressure generating room 12 of the closure plate 20 
mentioned later, respectively, and ink is supplied from the common ink room 31 through this ink 
supply free passage opening 21, and is distributed to each pressure generating room 12. 
[0045] The closure plate 20 consists of crystallized glass with which the ink supply free passage 
opening 21 corresponding to each above-mentioned pressure generating room 12 was drilled and 
which thickness is 0.1 -1mm, and coefficient of linear expansion is 300 degrees C or less, for 
example, is 2.5-4.5 [x10-6/degree C]. In addition, the ink supply free passage opening 21 may be 
two or more slit [ A / which crosses near the ink supply side edge section of each pressure 
generating room 12 / one slit hole 21] hole 21 B, as shown in drawing 3 (a) and (b). As for the 



closure plate 20, the duty of the back up plate which protects a bonnet and a silicon single crystal 
substrate from an impact or external force extensively also achieves the whole surface of the 
passage formation substrate 10 in respect of one side. Moreover, on the other hand, the closure 
plate 20 comes out, and constitutes one wall surface of the common ink room 31. 
[0046] The common ink room formation substrate 30 forms the peripheral wall of the common ink 
room 31, pierces the stainless plate of proper thickness according to nozzle numerical aperture 
and an expulsion-ol^an-ink-droplet frequency, and is produced. With this operation gestalt, 
thickness of the common ink room formation substrate 30 is set to 0.2mm. 

[0047] The ink room side plate 40 consists of a stainless steel substrate, and constitutes one wall 
surface of the common ink room 31 from one field. Moreover, by forming crevice 40a in a part of 
field of another side by half etching, a thin wall 41 is formed and blanking formation of the ink inlet 
42 which receives the ink supply from the outside is carried out further at the ink room side plate 
40. In addition, a thin wall 41 is for absorbing the nozzle orifice 1 1 generated in the case of 
expulsion of an ink droplet, and the pressure which goes to an opposite hand, and prevents that an 
unnecessary forward or negative pressure joins other pressure generating rooms 12 via the 
common ink room 31. Although the ink room side plate 40 is set to 0.2mm and the part is used as 
the thin wall 41 with a thickness of 0.02mm with this operation gestalt in consideration of rigidity 
required at the time of connection between the ink inlet 42 and an external ink supply means etc., 
in order to omit formation of the thin wall 41 by half etching, it is good also as 0.02mm from the 
start in the thickness of the ink room side plate 40. 

[0048] On the other hand, with the effective area of the passage formation substrate 1 0, on the 
elastic membrane 50 of an opposite hand, laminating formation is carried out in the process which 
thickness mentions [ thickness ] later with the bottom electrode layer 60 which is about 0.5 
micrometers, and the electrode layer 80 when it is about 0.1 micrometers mentions [ the piezo 
electric crystal film 70 which is about 1 micrometer, and thickness ] later, and the piezoelectric 
device 300 is constituted. Here, a piezoelectric device 300 says the part containing the bottom 
electrode layer 60, the piezo electric crystal film 70, and the top electrode layer 80. Generally, one 
electrode of the piezoelectric devices 300 is used as a common electrode, every pressure 
generating room 12, patterning of the electrode and the piezo electric crystal film 70 of another 
side is carried out, and they are constituted. And it consists of one of the electrodes and the piezo 
electric crystal film 70 by which patterning was carried out here, and the part which a piezo- 
electric distortion produces by impression of the electrical potential difference to two electrodes is 
called piezo electric crystal active section 320. Although the bottom electrode layer 60 considers 
as the common electrode of a piezoelectric device 300 and the top electrode layer 80 is used as 
the individual electrode of a piezoelectric device 300 with this operation gestalt, it is convenient 
even if it makes this into reverse on account of an actuation circuit or wiring. In the case of which, 
the piezo electric crystal active section will be formed for every pressure generating room. 
Moreover, the diaphragm which a variation rate produces by actuation of a piezoelectric device 300 
and the piezoelectric device 300 concerned is set, and an electrostrictive actuator is called here. 
[0049] Here, the process which forms piezo electric crystal film 70 grade on the passage formation 
substrate 10 which consists of a silicon single crystal substrate is explained, referring to drawing 4 

drawing 6 . In addition, drawing 4 and drawing 6 are the sectional views of the longitudinal 
direction of the pressure generating room 12, and drawing 5 R> 5 is the sectional view of the cross 
direction of the pressure generating room 12. 

[0050] First, as shown in drawing 4 (a), the elastic membrane 50 which oxidizes thermally the wafer 
of the silicon single crystal substrate used as the passage formation substrate 10 with about 1 1 00— 
degree C diffusion furnace, and consists of diacid-ized silicon is formed. 

[0051] Next, as shown in drawing 4 (b), the bottom electrode layer 60 is formed by sputtering. As 
an ingredient of the bottom electrode layer 60, platinum, iridium, oxidization iridium, or these alloys 
are suitable. The below-mentioned piezo electric crystal film 70 which this forms by the sol-gel 
method or the sputtering method is because it is necessary to make it calcinate and crystallize at 
the temperature of about 600-1000 degrees C under an atmospheric-air ambient atmosphere or an 
oxygen ambient atmosphere after membrane formation. That is, when conductivity must be able to 
be held under such an elevated temperature and an oxidizing atmosphere and titanic-acid lead 



zirconate (PZT) is especially used as piezo electric crystal film 70, as for the ingredient of the 
bottom electrode layer 60, it is desirable for there to be little conductive change by diffusion of 
lead oxide, and platinum, iridium, oxidization iridium, or these alloys are suitable for it from these 
reasons. 

[0052] Next, as shown in drawing 4 (c), patterning of the bottom electrode layer 60 is carried out 
to a predetermined configuration every pressure generating room 12. That is, patterning of the 
bottom electrode layer 60 of the field which counters the peripheral wall of the longitudinal 
direction end section of the pressure generating room 12 is carried out, and the bottom electrode 
layer 61 for wiring which became independent corresponding to each pressure generating room 12, 
respectively is formed. 

[0053] Next, as shown in drawing 4 (d), the piezo electric crystal film 70 is formed. With this 
operation gestalt, spreading desiccation was carried out, the so-called sol which dissolved and 
distributed the metal organic substance at the solvent was gelled, and it formed using the so- 
called sol-gel method which obtains the piezo electric crystal film 70 which consists of a metallic 
oxide by calcinating at an elevated temperature further. As an ingredient of the piezo electric 
crystal film 70, when the ingredient of a titanic-acid lead zirconate system uses it for an ink jet 
type recording head, it is suitable. In addition, especially the membrane formation approach of this 
piezo electric crystal film 70 is not limited, for example, may be formed by the sputtering method. 
[0054] Furthermore, the approach of carrying out crystal growth at low temperature with the high 
voltage approach in the inside of an alkali water solution after forming the precursor film of titanic- 
acid lead zirconate by the sol-gel method or the sputtering method may be used. 
[0055] Next, as shown in drawing 4 (e), the top electrode layer 80 is formed. The top electrode 
layer 80 can use a metal, a conductive oxide, etc. of many, such as aluminum, gold, nickel, and 
platinum, that what is necessary is just a conductive high ingredient With this operation gestalt, 
platinum is formed by sputtering. 

[0056] Then, as shown in drawing 5 (a), only the piezo electric crystal film 70 and the top electrode 
layer 80 are etched, and patterning of the piezo electric crystal active section 320 is performed. 
Subsequently, by etching the top electrode layer 80 near [ by the side of the bottom electrode 
layer 61 for wiring of each piezo electric crystal active section 320 ] the edge, as shown in drawing 
6 , although it has the piezo electric crystal film 70, the piezo electric crystal non-actuator 330 
which does not drive substantially is formed in the edge of the piezo electric crystal active section 
320. The above is a film formation process. Moreover, after doing in this way and performing film 
formation, as shown in drawing 5 (b), anisotropic etching of the silicon single crystal substrate by 
the alkali solution mentioned above is performed, and pressure generating room 12 grade is formed. 

[0057] Thus, the important section flat surface and cross section of an ink jet type recording head 
which were formed are shown in drawing 7 . 

[0058] As shown in drawing 7 , patterning of the piezo electric crystal film 70 which constitutes the 
piezo electric crystal active section 320, and the top electrode layer 80 is fundamentally carried 
out into each pressure generating room 12. On the other hand, the bottom electrode layer 60 is 
continued and formed in the field corresponding to two or more installed pressure generating 
rooms 12, and patterning is carried out by the inside of the field corresponding to the pressure 
generating room 12 at the longitudinal direction end section side of the pressure generating room 
12. 

[0059] Moreover, with this operation gestalt, the end section of the top electrode layer 80 is 
located inside the edge of the bottom electrode layer 60, and the edge of the top [ this ] electrode 
layer 80 is the edge of the piezo electric crystal active section 320. Moreover, although the piezo 
electric crystal film 70 is formed also on the bottom electrode layer 60 which the edge of the piezo 
electric crystal film 70 is the edge and abbreviation same location of the bottom electrode layer 60, 
and projected outside the edge of the top electrode layer 80, this part serves as the piezo electric 
crystal non-activity section 330 which is not driven substantially. 

[0060] Moreover, patterning of the bottom electrode layer 60 on the peripheral wall of the pressure 
generating room 12 by the side of this piezo electric crystal non-activity section 330 is carried out 
independently every piezo electric crystal active section 320, and it is the bottom electrode layer 



61 for wiring used as wiring of each piezo electric crystal active section 320. And the bottom 
electrode layer 61 for this wiring is connected with the piezo electric crystal active section 320 top 
electrode layer 80 through the lead electrode 100 installed on the piezo electric crystal non- 
activity section 330 while connecting with the external terminal which an end does not illustrate. In 
addition, into the part to which patterning of the bottom electrode layer 60 between the bottom 
electrode layer 61 for this wiring and the bottom electrode layer 60 was carried out, it remains with 
this operation gestalt, without removing the piezo electric crystal film 70, and the bottom electrode 
layer 60 and the lead electrode 100 are insulated. 

[0061] Thus, with this operation gestalt, the piezo electric crystal non-activity section 330 was 
continuously formed in the edge outside by the side of the drawer of the lead electrode 100 of the 
piezo electric crystal active section 320 by removing the top electrode layer 80. Thereby, distance 
of the edge of the electrode layer 80 when it is the edge of the piezo electric crystal active 
section 320, and the edge of the bottom electrode layer 60 can be enlarged. For this reason, also 
by electrical-potential-difference impression to the piezo electric crystal active section 320, the 
field strength in the edge of the piezo electric crystal active section 320 does not become large, 
and dielectric breakdown of the piezo electric crystal film 70 etc. can be prevented. Moreover, 
since the thickness of the piezo electric crystal film 70 of the piezo electric crystal active section 
320 becomes uniform, a piezo-electric property improves. 

[0062] In addition, although considered as the piezo electric crystal non-activity section 330 with 
this operation gestalt by removing the longitudinal direction end section top electrode layer 80 
after forming each class of the piezo electric crystal active section 320 By the so-called mask 
vacuum evaporation© which vapor-deposits the top electrode layer 80 where it was not limited to 
this approach, for example, the piezo electric crystal film 70 of a field [ / near the edge of the 
bottom electrode layer 60 ] is covered with a mask It is made not to vapor-deposit the top 
electrode layer 80 on the piezo electric crystal film 70 near the edge of the bottom electrode layer 
60, and is good for it also considering this part as the piezo electric crystal non-activity section 
330. 

[0063] Moreover, although the edge of the piezo electric crystal film 70 was made into the same 
location as the edge of the bottom electrode layer 60, it is not limited to this but you may make it 
install further with this operation gestalt to an outside, for example, the field which counters the 
bottom electrode layer 61 for wiring. 

[0064] Furthermore, although the piezoelectric device 300 which plurality adjoins is covered and 
the bottom electrode layer 60 was continuously formed with this operation gestalt, it is not limited 
to this, for example, patterning is carried out every piezoelectric device 300, and you may make it 
pull out from an opposite hand to the exterior with the drawer side of the lead electrode 100 of the 
pressure generating room 12. In this case, as shown in drawing 8 (a), as shown in drawing 8 R> 8 
(b), the bottom electrode layer 61 for wiring prepared every piezoelectric device 300 is connected, 
and it is good [ the bottom electrode layer 60 pulled out from each pressure generating room 12 is 
connected on a peripheral wall, and it is good also as a common electrode, or ] as a common 
electrode also considering the bottom electrode layer 60 as an individual electrode of each 
piezoelectric device 300. 

[0065] Moreover, when patterning of the bottom electrode layer 60 is carried out every 
piezoelectric device 300 in this way, the piezo electric crystal film 70 is formed by width of face 
larger than the bottom electrode layer 60, and you may make it cover the side face of the 
crosswise ends of the bottom electrode layer 60 by the piezo electric crystal film 70. 
[0066] By a series of film formation of the piezo electric crystal active section 320 explained above 
and pressure generating room 1 2 grade, and anisotropic etching, much chips are simultaneously 
formed on one wafer, and it divides after process termination every passage formation substrate 
10 of one chip size as shown in drawing 1 . Moreover, sequential adhesion is carried out with the 
closure plate 20, the common ink room formation substrate 30, and the ink room side plate 40, and 
it unifies, and let the divided passage formation substrate 10 be an ink jet type recording head. 
[0067] Moreover, the ink jet head constituted in this way Ink is incorporated from the ink inlet 42 
linked to the external ink supply means which is not illustrated. After filling the interior with ink 
until it results [ from the common ink room 31 ] in a nozzle orifice 11, By impressing an electrical 



potential difference between the top electrode layer 80 and the bottom electrode layer 60, and 
carrying out deflection deformation of elastic membrane 50, the bottom electrode layer 60, and the 
piezo electric crystal film 70 according to the record signal from the actuation circuit of the 
exterior which is not illustrated, the pressure in the pressure generating room 12 increases, and an 
ink droplet carries out the regurgitation from a nozzle orifice 11. 

[0068] (Other operation gestalten) Although each operation gestalt of this invention was explained 
above, the fundamental configuration of an ink jet type recording head is not limited to what was 
mentioned above. 

[0069] For example, it is good also considering the common ink room formation plate 30 besides 
the closure plate 20 mentioned above as a product made from crystallized glass, and it is still 
better also as a product made from crystallized glass, using the light-gage film 41 as another 
member, and modification of an ingredient, structure, etc. is free. 

[0070] Moreover, with the operation gestalt mentioned above, although the nozzle orifice is formed 
in the end face of the passage formation substrate 10, the nozzle orifice which projects in the 
direction vertical to a field may be formed. 

[0071] Thus, it is ************ to drawing 10 about the cross section of drawing 9 and its 
passage in the decomposition perspective view of the constituted operation gestalt With this 
operation gestalt, a nozzle orifice 1 1 is drilled by the reverse nozzle formation substrate 1 20 with a 
piezoelectric device, and the nozzle free passage opening 22 which opens these nozzle orifices 1 1 
and the pressure generating room 12 for free passage is arranged so that the closure plate 20, the 
common ink room formation plate 30, light-gage plate 41 A, and ink room side plate 40A may be 
penetrated. 

[0072] In addition, it is the same as that of the operation gestalt fundamentally mentioned above 
except this operation gestalt having, used light-gage plate 41 A and ink room side plate 40A as 
another member in addition to this, and having formed opening 40b in ink room side plate 40A, and 
the explanation which gives the same sign to the same member and overlaps is omitted. 
[0073] Of course, it cannot be overemphasized by combining suitably each operation gestalt 
explained above, and carrying out that it is what does much more effectiveness so. 
[0074] Moreover, although each operation gestalt explained above made the example the ink jet 
type recording head of the thin film mold which can be manufactured by applying membrane 
formation and a lithography process Not the thing limited to this, of course but the thing which 
carries out the laminating of the substrate and forms a pressure generating room, Or this invention 
is employable as the ink jet type recording head of various kinds of structures, such as what forms 
the piezo electric crystal film with crystal growth, such as a thing which forms the piezo electric 
crystal film for a green sheet by pasting or screen-stencil, or a hydrothermal method. 
[0075] Thus, this invention is applicable to the ink jet type recording head of various structures, 
unless it is contrary to the meaning. 

[0076] Moreover, the ink jet type recording head of each [ these ] operation gestalt constitutes 
some recording head units possessing an ink cartridge etc. and ink passage open for free passage, 
and is carried in an ink jet type recording device. Drawing 1 1 is the schematic diagram showing an 
example of the ink jet type recording device. 

[0077] As shown in drawing 1 1 , the carriage 3 which was formed removable and carried these 
recording head units 1A and 1B is formed free [ shaft-orientations migration on the carriage shaft 
5 with which cartridge 2A and 2B from which the recording head units 1A and 1B which have an ink 
jet type recording head constitute an ink supply means were attached in the body 4 of equipment ]. 
These recording head units 1 A and 1B shall carry out the regurgitation of a black ink constituent 
and the color ink constituent, respectively, for example. 

[0078] And the carriage 3 carrying the recording head units 1A and 1B is moved in accordance 
with the carriage shaft 5 by being transmitted to carriage 3 through two or more gearings and 
timing belts 7 which the driving force of a drive motor 6 does not illustrate. On the other hand, 
along with carriage 3, the platen 8 is formed in the body 4 of equipment Record sheet S which is 
record media, such as paper to which can rotate now with the driving force of the paper feed 
motor which is not illustrated, and paper was fed with the feed roller etc., winds this platen 8 
around a platen 8, it is hung, and is conveyed. 



[0079] 

[Effect of the Invention] As explained above, in this invention, the piezo electric crystal non- 
activity section which does not have a top electrode layer for the edge of a top electrode layer as 
the inside [ edge / of a bottom electrode layer ] in the longitudinal direction end section side of 
the piezo electric crystal active section is prepared, and the distance of the edge of the piezo 
electric crystal active section and the edge of a bottom electrode layer was detached. Thereby, 
dielectric breakdown near the edge of the piezo electric crystal active section can be prevented, 
and endurance and dependability can be improved. 
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TECHNICAL FIELD 



[Field of the Invention] By impressing an electrical potential difference to a piezoelectric-material 
layer, this invention constitutes a part of nozzle orifice which carries out the regurgitation of the 
ink droplet especially, and pressure generating room open for free passage from a diaphragm about 
the actuator equipment which has the piezoelectric device which carries out a variation rate, and 
its manufacture approach, and relates to the ink jet type recording head and ink jet type recording 
device which a piezoelectric device is formed [ recording device ] in the front face of this 
diaphragm, and make an ink droplet breathe out with the variation rate of a piezoelectric device. 
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PRIOR ART 



[Description of the Prior Art] A part of nozzle orifice which carries out the regurgitation of the ink 
droplet, and pressure generating room open for free passage are constituted from a diaphragm, and 
two kinds are put in practical use by the ink jet type recording head which makes this diaphragm 
transform by the piezoelectric device, and the ink of a pressure generating room is pressurized 
[ recording head ], and makes an ink droplet breathe out from a nozzle orifice although what used 
the electrostrictive actuator in the longitudinal-oscillation mode elongated and contracted, and the 
electrostrictive actuator in flexurally oscillating mode were used for the shaft orientations of a 
piezoelectric device. 

[0003] The former can change the volume of a pressure generating room by making the end face of 
a piezoelectric device contact a diaphragm, and while the fabrication of the head suitable for high 
density printing is possible, a piezoelectric device is made in agreement with the array pitch of a 
nozzle orifice, the difficult process of carving in the shape of a ctenidium, and the activity which 
positions the piezoelectric device which was able to be carved in a pressure generating room, and 
is fixed are needed, and it has the problem that a production process is complicated. 
[0004] On the other hand, the green sheet of piezoelectric material is stuck according to the 
configuration of a pressure generating room, a certain amount of area is needed for a diaphragm at 
the comparatively easy process of calcinating this, on the relation using flexural oscillation of what 
can fix a piezoelectric device, and the latter has the problem that a high density array is difficult. 
[0005] On the other hand, that the inconvenience of the latter recording head should be canceled, 
what formed the piezoelectric device so that might continue on the surface of [ whole ] a 
diaphragm, a uniform piezoelectric-material layer might be formed with a membrane formation 
technique, this piezoelectric-material layer might be carved into the configuration corresponding to 
a pressure generating room by the lithography method and it might become independent for every 
pressure generating room is proposed so that JP,5-286131,A may see. 

[0006] There is an advantage it not only can fix a piezoelectric device by the simple technique of 
the lithography method precisely, but that the activity which sticks a piezoelectric device on a 
diaphragm becomes unnecessary according to this, and can make thickness of a piezoelectric 
device thin and high-speed actuation is attained. 

[0007] Moreover, although the piezoelectric device corresponding to each pressure generating 
room can be driven by preparing only a top electrode for every pressure generating room at least, 
preparing a piezoelectric-material layer on the surface of [ whole ] a diaphragm in this case As for 
the piezo electric crystal layer which constitutes the piezo electric crystal active section from a 
problem of this stress to a piezo electric crystal layer in the part over the part which counters the 
amount of displacement and pressure generating room per unit driver voltage, and its exterior, and 
a top electrode, it is desirable to form so that it may not come out to pressure generating outdoor 
as much as possible. 

[0008] Then, after carrying out patterning of the bottom electrode, while carrying out patterning 
and forming a piezoelectric device, membrane formation and the structure which installed the piezo 
electric crystal layer and the top electrode on the peripheral wall from the end section are 
proposed in the piezo electric crystal layer and the top electrode. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, in this invention, the piezo electric crystal non- 
activity section which does not have a top electrode layer for the edge of a top electrode layer as 
the inside [ edge / of a bottom electrode layer ] in the longitudinal direction end section side of 
the piezo electric crystal active section is prepared, and the distance of the edge of the piezo 
electric crystal active section and the edge of a bottom electrode layer was detached. Thereby, 
dielectric breakdown near the edge of the piezo electric crystal active section can be prevented, 
and endurance and dependability can be improved. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, with above-mentioned structure, on the 
bottom electrode by which patterning was usually carried out, in order to form a piezo electric 
crystal layer by a wet method or the sputtering methods, such as a sol-gel method, etc., the piezo 
electric crystal layer near the edge of a bottom electrode will be formed more thinly than other 
parts. When an electrical potential difference is impressed in this condition, field strength becomes 
large in a part with a thin piezo electric crystal layer, and there is a problem that dielectric 
breakdown will occur. 

[0010] This invention makes it a technical problem to provide with an ink jet type recording head 
and an ink jet type recording device the actuator equipment which prevented dielectric breakdown 
of a piezo electric crystal layer and its manufacture approach, and a list in view of such a situation. 
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MEANS 



[Means for Solving the Problem] The 1st mode of this invention which solves the above-mentioned 
technical problem The bottom electrode of a substrate established in the field through the 
insulating layer on the other hand, In the actuator equipment possessing the piezoelectric device 
which consists of an electrode after being prepared on the piezo electric crystal layer prepared on 
the bottom electrode of this, and this piezo electric crystal layer The edge of said top electrode is 
the edge of the piezo electric crystal active section which is located inside the edge of said bottom 
electrode and turns into a substantial actuator of said piezoelectric device. While constituting the 
piezo electric crystal non-activity section which said piezo electric crystal layer is prepared on 
said bottom electrode which projected outside the edge of said top electrode, and is not driven 
substantially, it is in the actuator equipment characterized by preparing said piezo electric crystal 
layer also in the outside of the edge of said bottom electrode. 

[0012] In this 1st mode, the distance of the edge of the piezo electric crystal active section and 
the edge of a bottom electrode can be detached, and dielectric breakdown by electric-field 
concentration in the longitudinal direction edge of the piezo electric crystal active section is 
prevented. 

[0013] In the 1st mode, while the 2nd mode of this invention is prepared in the field corresponding 
to the pressure generating room where said piezoelectric device was formed in said substrate, the 
edge of said piezo electric crystal active section is in the actuator equipment characterized by 
being located inside [ circumferential corkscrew twist ] said pressure generating interior of a room. 
[0014] In this 2nd mode, actuation of the piezo electric crystal active section is not barred, and 
dielectric breakdown of a piezo electric crystal layer is prevented. 

[0015] The 3rd mode of this invention is in the actuator equipment characterized by installing said 
piezo electric crystal layer to the same location as the edge of said bottom electrode, or its 
outside in the mode of the 1st or 2. 

[0016] In this 3rd mode, a top electrode and a bottom electrode are insulated certainly and 
dielectric breakdown of the piezo electric crystal layer near the edge of a bottom electrode can 
prevent certainly. 

[0017] the 4th mode of this invention — which 1-3rd voice — it is in the actuator equipment 
characterized by preparing the bottom electrode for wiring by which it sets like, and is prepared 
outside discontinuously [ said bottom electrode ] at the pan of the piezo electric crystal layer 
prepared in the outside of the edge of said bottom electrode, and an end is connected to external 
wiring for said every piezoelectric device. 

[0018] In this 4th mode, a bottom electrode and the bottom electrode for wiring are certainly 
insulated by the piezo electric crystal layer, and wiring can be formed easily. 
[0019] the 5th mode of this invention — which 1-4th voice — it sets like and is in the actuator 
equipment characterized by for said bottom electrode covering the piezoelectric device which 
plurality adjoins, and preparing it continuously. 

[0020] In this 5th mode, the rigidity of a bottom electrode improves and endurance improves. 
[0021] The 6th mode of this invention is in the actuator equipment characterized by carrying out 
patterning of said bottom electrode for every piezoelectric device in which 1-4th modes. 
[0022] In this 6th mode, the amount of displacement by actuation of the piezo electric crystal 



active section improves. 

[0023] the 7th mode of this invention — which 1-6th voice — it is in the ink jet type recording 
head characterized by joining the nozzle formation substrate which said substrate of actuator 
equipment [ like ] is a passage formation substrate which forms the pressure generating room 
which is open for free passage to a nozzle orifice, and has said nozzle orifice in the another side 
side side of this passage formation substrate. 

[0024] In this 7th mode, the ink jet type recording head which can perform the good ink 
regurgitation from a nozzle orifice is realizable with actuation of a piezoelectric device. 
[0025] The 8th mode of this invention is in the ink jet type recording head characterized by forming 
said pressure generating room in a silicon single crystal substrate of anisotropic etching, and 
forming each class of said piezoelectric device by the thin film and the lithography method in the 
7th mode. 

[0026] In this 8th mode, the ink jet type recording head which has the nozzle orifice of high density 
can be manufactured in large quantities and comparatively easily. 

[0027] The 9th mode of this invention is in the ink jet type recording device characterized by 
providing the ink jet type recording head of the mode of the 7th or 8. 

[0028] In this 9th mode, the ink jet type recording head which improved the dependability of a head 
is realizable. 

[0029] On a substrate, the 10th mode of this invention carries out the laminating of a bottom 
electrode layer, a piezo electric crystal layer, and the top electrode layer one by one through an 
insulating layer, and carries out patterning of each class. In the formation approach of the 
piezoelectric device which forms the piezoelectric device which consists of said bottom electrode 
layer, said piezo electric crystal layer, and said top electrode layer The 1st process which forms 
the bottom electrode layer clearance section which carried out patterning and removed said 
bottom electrode layer while forming said bottom electrode layer, besides — said piezo electric 
crystal layer and said top electrode layer — membrane formation — and, while carrying out 
patterning and forming said piezoelectric device It is in the manufacture approach of the actuator 
equipment characterized by having the 2nd process used as the edge of the piezo electric crystal 
active section which forms the edge of said top electrode layer inside the edge of said bottom 
electrode layer, and turns into a substantial actuator of said piezoelectric device. 
[0030] In this 10th mode, the piezo electric crystal active section can be formed comparatively 
easily. 

[0031] The 11th mode of this invention is in the manufacture approach of the actuator equipment 
characterized by removing said field [ / near the edge of said bottom electrode layer of the 
piezoelectric device concerned ] top electrode layer at said 2nd process in the 10th mode after 
forming each class which constitutes said piezoelectric device. 

[0032] In this 11th mode, the piezo electric crystal non-activity section can be formed 
comparatively easily. 

[0033] The 12th mode of this invention is in the manufacture approach of the actuator equipment 
characterized by vapor-depositing said top electrode layer by mask vacuum evaporationo to fields 
other than a field [ / near said bottom electrode edge of said piezoelectric device on said piezo 
electric crystal layer ] at said 2nd process in the 10th mode after forming said bottom electrode 
layer which constitutes said piezoelectric device, and said piezo electric crystal layer. 
[0034] In this 12th mode, the piezo electric crystal non-activity section can be formed 
comparatively easily. 
[0035] 

[Embodiment of the Invention] This invention is explained at a detail based on an operation gestalt 
below. 

[0036] (Operation gestalt 1) Drawing 1 is the decomposition perspective view showing the ink jet 
type recording head concerning the operation gestalt 1 of this invention, and drawing 2 is the top 
view and a sectional view in the longitudinal direction of one pressure generating room. 
[0037] The passage formation substrate 10 consists of a silicon single crystal substrate of field 
bearing (1 10) with this operation gestalt so that it may illustrate. As a passage formation substrate 
10, a thing with a thickness of about 150-300 micrometers is used, and about 180-280 



micrometers of things with a thickness of about 220 micrometers are usually more desirably 
suitable desirably. This is because an array consistency can be made high, maintaining the rigidity 
of the septum between adjoining pressure generating rooms. 

[0038] One field of the passage formation substrate 10 turns into an effective area, and the elastic 
membrane 50 with a thickness of 1-2 micrometers which consists of diacidHzed silicon beforehand 
formed by thermal oxidation is formed in the field of another side. 

[0039] On the other hand, the nozzle orifice 11 and the pressure generating room 12 are formed in 
the effective area of the passage formation substrate 10 by carrying out anisotropic etching of the 
silicon single crystal substrate. 

[0040] If anisotropic etching is immersed in alkali solutions, such as a potassium hydroxide, a 
silicon single crystal substrate here It is eaten away gradually and nothing, and the above- 
mentioned (110) field and the 2nd field (111) which makes the include angle of about 35 degrees 
appear the 1st field (111) vertical to a field (1 10), this 1st field (111), and the include angle of about 
70 degrees. (110) It is carried out using the property in which the etching rate of a field (1 1 1) is 
about 1/180 as compared with the etching rate of a field. By this anisotropic etching, precision 
processing can be performed on the basis of depth processing of the shape of the 1st two field 
(1 1 1 ) and a parallelogram formed in respect of [ slanting / two ] the 2nd (111), and the pressure 
generating room 1 2 can be arranged to high density. 

[0041] The long side of each pressure generating room 12 is formed, and the shorter side is formed 
in respect of the 2nd (111) in respect of the 1st (111) with this operation gestalt. This pressure 
generating room 12 is formed by etching until it penetrates the passage formation substrate 10 
mostly and reaches elastic membrane 50. In addition, elastic membrane 50 has the very small 
amount invaded by the alkali solution which etches a silicon single crystal substrate. 
[0042] On the other hand, each nozzle orifice 1 1 which is open for free passage at the end of each 
pressure generating room 12 is formed more shallowly [ narrow ] than the pressure generating 
room 12. That is, the nozzle orifice 1 1 is formed by etching a silicon single crystal substrate in the 
thickness direction to the middle (half etching). In addition, half etching is performed by adjustment 
of etching time. 

[0043] Here, the magnitude of the pressure generating room 12 which gives an expulsion-of-an- 
ink-droplet pressure to ink, and the magnitude of the nozzle orifice 1 1 which carries out the 
regurgitation of the ink droplet are optimized according to the amount of the ink droplet which 
carries out the regurgitation, regurgitation speed, and a regurgitation frequency. For example, when 
recording 360 ink droplets per inch, it is necessary to form a nozzle orifice 1 1 with a sufficient 
precision with the flute width of dozens of micrometers. 

[0044] Moreover, each pressure generating room 12 and the common ink room 31 mentioned later 
are opened for free passage through the ink supply free passage opening 21 formed in the location 
corresponding to the end section of each pressure generating room 12 of the closure plate 20 
mentioned later, respectively, and ink is supplied from the common ink room 31 through this ink 
supply free passage opening 21, and is distributed to each pressure generating room 12. 
[0045] The closure plate 20 consists of crystallized glass with which the ink supply free passage 
opening 21 corresponding to each above-mentioned pressure generating room 12 was drilled and 
which thickness is 0.1 -1mm, and coefficient of linear expansion is 300 degrees C or less, for 
example, is 2.5-4.5 [x10-6/degree C]. In addition, the ink supply free passage opening 21 may be 
two or more slit [ A / which crosses near the ink supply side edge section of each pressure 
generating room 12 / one slit hole 21] hole 21 B, as shown in drawing 3 (a) and (b). As for the 
closure plate 20, the duty of the back up plate which protects a bonnet and a silicon single crystal 
substrate from an impact or external force extensively also achieves the whole surface of the 
passage formation substrate 10 in respect of one side. Moreover, on the other hand, the closure 
plate 20 comes out, and constitutes one wall surface of the common ink room 31. 
[0046] The common ink room formation substrate 30 forms the peripheral wall of the common ink 
room 31, pierces the stainless plate of proper thickness according to nozzle numerical aperture 
and an expulsion-of^an-ink-droplet frequency, and is produced. With this operation gestalt, 
thickness of the common ink room formation substrate 30 is set to 0.2mm. 

[0047] The ink room side plate 40 consists of a stainless steel substrate, and constitutes one wall 



surface of the common ink room 31 from one field. Moreover, by forming crevice 40a in a part of 
field of another side by half etching, a thin wall 41 is formed and blanking formation of the ink inlet 
42 which receives the ink supply from the outside is carried out further at the ink room side plate 
40. In addition, a thin wall 41 is for absorbing the nozzle orifice 1 1 generated in the case of 
expulsion of an ink droplet, and the pressure which goes to an opposite hand, and prevents that an 
unnecessary forward or negative pressure joins other pressure generating rooms 12 via the 
common ink room 31. Although the ink room side plate 40 is set to 0.2mm and the part is used as 
the thin wall 41 with a thickness of 0.02mm with this operation gestalt in consideration of rigidity 
required at the time of connection between the ink inlet 42 and an external ink supply means etc., 
in order to omit formation of the thin wall 41 by half etching, it is good also as 0.02mm from the 
start in the thickness of the ink room side plate 40. 

[0048] On the other hand, with the effective area of the passage formation substrate 10, on the 
elastic membrane 50 of an opposite hand, laminating formation is carried out in the process which 
thickness mentions [ thickness ] later with the bottom electrode layer 60 which is about 0.5 
micrometers, and the electrode layer 80 when it is about 0.1 micrometers mentions [ the piezo 
electric crystal film 70 which is about 1 micrometer, and thickness ] later, and the piezoelectric 
device 300 is constituted. Here, a piezoelectric device 300 says the part containing the bottom 
electrode layer 60, the piezo electric crystal film 70, and the top electrode layer 80. Generally, one 
electrode of the piezoelectric devices 300 is used as a common electrode, every pressure 
generating room 12, patterning of the electrode and the piezo electric crystal film 70 of another 
side is carried out, and they are constituted. And it consists of one of the electrodes and the piezo 
electric crystal film 70 by which patterning was carried out here, and the part which a piezo- 
electric distortion produces by impression of the electrical potential difference to two electrodes is 
called piezo electric crystal active section 320. Although the bottom electrode layer 60 considers 
as the common electrode of a piezoelectric device 300 and the top electrode layer 80 is used as 
the individual electrode of a piezoelectric device 300 with this operation gestalt, it is convenient 
even if it makes this into reverse on account of an actuation circuit or wiring. In the case of which, 
the piezo electric crystal active section will be formed for every pressure generating room. 
Moreover, the diaphragm which a variation rate produces by actuation of a piezoelectric device 300 
and the piezoelectric device 300 concerned is set, and an electrostrictive actuator is called here. 
[0049] Here, the process which forms piezo electric crystal film 70 grade on the passage formation 
substrate 10 which consists of a silicon single crystal substrate is explained, referring to drawing 4 
- drawing 6 . In addition, drawing 4 and drawing 6 are the sectional views of the longitudinal 
direction of the pressure generating room 12, and drawing 5 R> 5 is the sectional view of the cross 
direction of the pressure generating room 12. 

[0050] First, as shown in drawing 4 (a), the elastic membrane 50 which oxidizes thermally the wafer 
of the silicon single crystal substrate used as the passage formation substrate 10 with about 1100- 
degree C diffusion furnace, and consists of diacid~ized silicon is formed. 

[0051] Next, as shown in drawing 4 (b), the bottom electrode layer 60 is formed by sputtering. As 
an ingredient of the bottom electrode layer 60, platinum, iridium, oxidization iridium, or these alloys 
are suitable. The below-mentioned piezo electric crystal film 70 which this forms by the sol-gel 
method or the sputtering method is because it is necessary to make it calcinate and crystallize at 
the temperature of about 600-1000 degrees C under an atmospheric-air ambient atmosphere or an 
oxygen ambient atmosphere after membrane formation. That is, when conductivity must be able to 
be held under such an elevated temperature and an oxidizing atmosphere and titanic-acid lead 
zirconate (PZT) is especially used as piezo electric crystal film 70, as for the ingredient of the 
bottom electrode layer 60, it is desirable for there to be little conductive change by diffusion of 
lead oxide, and platinum, iridium, oxidization iridium, or these alloys are suitable for it from these 
reasons. 

[0052] Next, as shown in drawing 4 (c), patterning of the bottom electrode layer 60 is carried out 
to a predetermined configuration every pressure generating room 12. That is, patterning of the 
bottom electrode layer 60 of the field which counters the peripheral wall of the longitudinal 
direction end section of the pressure generating room 12 is carried out, and the bottom electrode 
layer 61 for wiring which became independent corresponding to each pressure generating room 12, 



respectively is formed. 

[0053] Next, as shown in drawing 4 (d), the piezo electric crystal film 70 is formed. With this 
operation gestalt, spreading desiccation was carried out, the so-called sol which dissolved and 
distributed the metal organic substance at the solvent was gelled, and it formed using the so- 
called sol-gel method which obtains the piezo electric crystal film 70 which consists of a metallic 
oxide by calcinating at an elevated temperature further. As an ingredient of the piezo electric 
crystal film 70, when the ingredient of a titanic-acid lead zirconate system uses it for an ink jet 
type recording head, it is suitable. In addition, especially the membrane formation approach of this 
piezo electric crystal film 70 is not limited, for example, may be formed by the sputtering method. 
[0054] Furthermore, the approach of carrying out crystal growth at low temperature with the high 
voltage approach in the inside of an alkali water solution after forming the precursor film of titanic- 
acid lead zirconate by the sol-gel method or the sputtering method may be used. 
[0055] Next, as shown in drawing 4 (e), the top electrode layer 80 is formed. The top electrode 
layer 80 can use a metal, a conductive oxide, etc. of many, such as aluminum, gold, nickel, and 
platinum, that what is necessary is just a conductive high ingredient With this operation gestalt, 
platinum is formed by sputtering. 

[0056] Then, as shown in drawing 5 (a), only the piezo electric crystal film 70 and the top electrode 
layer 80 are etched, and patterning of the piezo electric crystal active section 320 is performed. 
Subsequently, by etching the top electrode layer 80 near [ by the side of the bottom electrode 
layer 61 for wiring of each piezo electric crystal active section 320 ] the edge, as shown in drawing 
6 , although it has the piezo electric crystal film 70, the piezo electric crystal non-actuator 330 
which does not drive substantially is formed in the edge of the piezo electric crystal active section 
320. The above is a film formation process. Moreover, after doing in this way and performing film 
formation, as shown in drawing 5 (b), anisotropic etching of the silicon single crystal substrate by 
the alkali solution mentioned above is performed, and pressure generating room 12 grade is formed. 

[0057] Thus, the important section flat surface and cross section of an ink jet type recording head 
which were formed are shown in drawing 7 . 

[0058] As shown in drawing 7 , patterning of the piezo electric crystal film 70 which constitutes the 
piezo electric crystal active section 320, and the top electrode layer 80 is fundamentally carried 
out into each pressure generating room 12. On the other hand, the bottom electrode layer 60 is 
continued and formed in the field corresponding to two or more installed pressure generating 
rooms 12, and patterning is carried out by the inside of the field corresponding to the pressure 
generating room 12 at the longitudinal direction end section side of the pressure generating room 
12. 

[0059] Moreover, with this operation gestalt, the end section of the top electrode layer 80 is 
located inside the edge of the bottom electrode layer 60, and the edge of the top [ this ] electrode 
layer 80 is the edge of the piezo electric crystal active section 320. Moreover, although the piezo 
electric crystal film 70 is formed also on the bottom electrode layer 60 which the edge of the piezo 
electric crystal film 70 is the edge and abbreviation same location of the bottom electrode layer 60, 
and projected outside the edge of the top electrode layer 80, this part serves as the piezo electric 
crystal non-activity section 330 which is not driven substantially. 

[0060] Moreover, patterning of the bottom electrode layer 60 on the peripheral wall of the pressure 
generating room 12 by the side of this piezo electric crystal non-activity section 330 is carried out 
independently every piezo electric crystal active section 320, and it is the bottom electrode layer 
61 for wiring used as wiring of each piezo electric crystal active section 320. And the bottom 
electrode layer 61 for this wiring is connected with the piezo electric crystal active section 320 top 
electrode layer 80 through the lead electrode 100 installed on the piezo electric crystal non- 
activity section 330 while connecting with the external terminal which an end does not illustrate. In 
addition, into the part to which patterning of the bottom electrode layer 60 between the bottom 
electrode layer 61 for this wiring and the bottom electrode layer 60 was carried out, it remains with 
this operation gestalt, without removing the piezo electric crystal film 70, and the bottom electrode 
layer 60 and the lead electrode 100 are insulated. 

[0061] Thus, with this operation gestalt, the piezo electric crystal non-activity section 330 was 



continuously formed in the edge outside by the side of the drawer of the lead electrode 100 of the 
piezo electric crystal active section 320 by removing the top electrode layer 80. Thereby, distance 
of the edge of the electrode layer 80 when it is the edge of the piezo electric crystal active 
section 320, and the edge of the bottom electrode layer 60 can be enlarged. For this reason, also 
by electrical-potential-difference impression to the piezo electric crystal active section 320, the 
field strength in the edge of the piezo electric crystal active section 320 does not become large, 
and dielectric breakdown of the piezo electric crystal film 70 etc. can be prevented. Moreover, 
since the thickness of the piezo electric crystal film 70 of the piezo electric crystal active section 
320 becomes uniform, a piezo-electric property improves. 

[0062] In addition, although considered as the piezo electric crystal non-activity section 330 with 
this operation gestalt by removing the longitudinal direction end section top electrode layer 80 
after forming each class of the piezo electric crystal active section 320 By the so-called mask 
vacuum evaporationo which vapor-deposits the top electrode layer 80 where it was not limited to 
this approach, for example, the piezo electric crystal film 70 of a field [ / near the edge of the 
bottom electrode layer 60 ] is covered with a mask It is made not to vapor-deposit the top 
electrode layer 80 on the piezo electric crystal film 70 near the edge of the bottom electrode layer 
60, and is good for it also considering this part as the piezo electric crystal non-activity section 
330. 

[0063] Moreover, although the edge of the piezo electric crystal film 70 was made into the same 
location as the edge of the bottom electrode layer 60, it is not limited to this but you may make it 
install further with this operation gestalt to an outside, for example, the field which counters the 
bottom electrode layer 61 for wiring. 

[0064] Furthermore, although the piezoelectric device 300 which plurality adjoins is covered and 
the bottom electrode layer 60 was continuously formed with this operation gestalt, it is not limited 
to this, for example, patterning is carried out every piezoelectric device 300, and you may make it 
pull out from an opposite hand to the exterior with the drawer side of the lead electrode 100 of the 
pressure generating room 12. In this case, as shown in drawing 8 (a), as shown in drawing 8 R> 8 
(b), the bottom electrode layer 61 for wiring prepared every piezoelectric device 300 is connected, 
and it is good [ the bottom electrode layer 60 pulled out from each pressure generating room 12 is 
connected on a peripheral wall, and it is good also as a common electrode, or ] as a common 
electrode also considering the bottom electrode layer 60 as an individual electrode of each 
piezoelectric device 300. 

[0065] Moreover, when patterning of the bottom electrode layer 60 is carried out every 
piezoelectric device 300 in this way, the piezo electric crystal film 70 is formed by width of face 
larger than the bottom electrode layer 60, and you may make it cover the side face of the 
crosswise ends of the bottom electrode layer 60 by the piezo electric crystal film 70. 
[0066] By a series of film formation of the piezo electric crystal active section 320 explained above 
and pressure generating room 1 2 grade, and anisotropic etching, much chips are simultaneously 
formed on one wafer, and it divides after process termination every passage formation substrate 
10 of one chip size as shown in drawing 1 . Moreover, sequential adhesion is carried out with the 
closure plate 20, the common ink room formation substrate 30, and the ink room side plate 40, and 
it unifies, and let the divided passage formation substrate 10 be an ink jet type recording head. 
[0067] Moreover, the ink jet head constituted in this way Ink is incorporated from the ink inlet 42 
linked to the external ink supply means which is not illustrated. After filling the interior with ink 
until it results [ from the common ink room 31 ] in a nozzle orifice 11, By impressing an electrical 
potential difference between the top electrode layer 80 and the bottom electrode layer 60, and 
carrying out deflection deformation of elastic membrane 50, the bottom electrode layer 60, and the 
piezo electric crystal film 70 according to the record signal from the actuation circuit of the 
exterior which is not illustrated, the pressure in the pressure generating room 12 increases, and an 
ink droplet carries out the regurgitation from a nozzle orifice 11. 

[0068] (Other operation gestalten) Although each operation gestalt of this invention was explained 
above, the fundamental configuration of an ink jet type recording head is not limited to what was 
mentioned above. 

[0069] For example, it is good also considering the common ink room formation plate 30 besides 



the closure plate 20 mentioned above as a product made from crystallized glass, and it is still 
better also as a product made from crystallized glass, using the light-gage film 41 as another 
member, and modification of an ingredient, structure, etc. is free. 

[0070] Moreover, with the operation gestalt mentioned above, although the nozzle orifice is formed 
in the end face of the passage formation substrate 10, the nozzle orifice which projects in the 
direction vertical to a field may be formed. 

[0071] Thus, it is ************ to drawing 10 about the cross section of drawing 9 and its 
passage in the decomposition perspective view of the constituted operation gestalt. With this 
operation gestalt, a nozzle orifice 11 is drilled by the reverse nozzle formation substrate 120 with a 
piezoelectric device, and the nozzle free passage opening 22 which opens these nozzle orifices 11 
and the pressure generating room 12 for free passage is arranged so that the closure plate 20, the 
common ink room formation plate 30, light-gage plate 41 A, and ink room side plate 40A may be 
penetrated. 

[0072] In addition, it is the same as that of the operation gestalt fundamentally mentioned above 
except this operation gestalt having, used light-gage plate 41 A and ink room side plate 40A as 
another member in addition to this, and having formed opening 40b in ink room side plate 40A, and 
the explanation which gives the same sign to the same member and overlaps is omitted. 
[0073] Of course, it cannot be overemphasized by combining suitably each operation gestalt 
explained above, and carrying out that it is what does much more effectiveness so. 
[0074] Moreover, although each operation gestalt explained above made the example the ink jet 
type recording head of the thin film mold which can be manufactured by applying membrane 
formation and a lithography process Not the thing limited to this, of course but the thing which 
carries out the laminating of the substrate and forms a pressure generating room, Or this invention 
is employable as the ink jet type recording head of various kinds of structures, such as what forms 
the piezo electric crystal film with crystal growth, such as a thing which forms the piezo electric 
crystal film for a green sheet by pasting or screen-stencil, or a hydrothermal method. 
[0075] Thus, this invention is applicable to the ink jet type recording head of various structures, 
unless it is contrary to the meaning. 

[0076] Moreover, the ink jet type recording head of each [ these ] operation gestalt constitutes 
some recording head units possessing an ink cartridge etc. and ink passage open for free passage, 
and is carried in an ink jet type recording device. Drawing 1 1 is the schematic diagram showing an 
example of the ink jet type recording device. 

[0077] As shown in drawing 1 1 , the carriage 3 which was formed removable and carried these 
recording head units 1A and 1B is formed free [ shaft-orientations migration on the carriage shaft 
5 with which cartridge 2A and 2B from which the recording head units 1A and 1B which have an ink 
jet type recording head constitute an ink supply means were attached in the body 4 of equipment ]. 
These recording head units 1 A and 1B shall carry out the regurgitation of a black ink constituent 
and the color ink constituent, respectively, for example. 

[0078] And the carriage 3 carrying the recording head units 1A and 1B is moved in accordance 
with the carriage shaft 5 by being transmitted to carriage 3 through two or more gearings and 
timing belts 7 which the driving force of a drive motor 6 does not illustrate. On the other hand, 
along with carriage 3, the platen 8 is formed in the body 4 of equipment Record sheet S which is 
record media, such as paper to which can rotate now with the driving force of the paper feed 
motor which is not illustrated, and paper was fed with the feed roller etc., winds this platen 8 
around a platen 8, it is hung, and is conveyed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the ink jet type recording head concerning 
the operation gestalt 1 of this invention. 

[Drawing 2] It is drawing showing the ink jet type recording head concerning the operation gestalt 1 
of this invention, and is the top view and sectional view of drawing 1 . 

[Drawing 3] It is the perspective view showing the modification of the closure plate of drawing 1 . 
[Drawing 4] It is the sectional view showing the thin-film-fabrication process of the operation 
gestalt 1 of this invention. 

[Drawing 5] It is the sectional view showing the thin-film-fabrication process of the operation 
gestalt 1 of this invention. 

[Drawing 6] It is the sectional view showing the thin-film-fabrication process of the operation 
gestalt 1 of this invention. 

[Drawing 7] It is the top view and sectional view showing the important section of the ink jet type 
recording head concerning the operation gestalt 1 of this invention. 

[Drawing 8] It is the top view showing the modification of the ink jet type recording head 
concerning the operation gestalt 1 of this invention. 

[Drawing 9] It is the decomposition perspective view of the ink jet type recording head concerning 
other operation gestalten of this invention. 

[Drawing 10] It is the sectional view showing the ink jet type recording head concerning other 
operation gestalten of this invention. 

[Drawing 11] It is the schematic diagram of the ink jet type recording device concerning 1 

operation gestalt of this invention. 

[Description of Notations] 

12 Pressure Generating Room 

50 Elastic Membrane 

60 Bottom Electrode Layer 

61 Bottom Electrode Layer for Wiring 
70 Piezo Electric Crystal Film 

80 Top Electrode Layer 

300 Piezoelectric Device 

320 Piezo Electric Crystal Active Section 

330 Piezo Electric Crystal Non-Activity Section 
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^{31. E1*I7 0 t ttf ^y^/unyiiS (pz 

y ^^^, gHt>f y v^^AXficft^^^^ig^ 

[0 0 5 2] ^{C, 04 (c) (C^-TJ:9iC. T1W 
6 0*#JE****1 2tt(r0f^^t^^-^>-^ 

2{c»jSLr*tL^ttfflS:L^Ej»fflT 

[0 0 5 3] ^(c, i4 (d) [I^tJ:3^ J£«»R 

^(nttm&j it*, y mmm^y wzfem-tzm 
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[0 0 5 4] vOw-^/UffiXfi*'*** V is? 

[0 0 5 5] 1^4 (e) t^-r^Pl-. ±mffifll 

[0 0 5 6] *:0>« % i5 ( a ) IC^-T X 9 

Bt7 oRx$±.mmms o<Dfr%^y^y^xmm&m 
x o \^ &mm#m®)& 320 <n$mmTmmm6 1 m 

5KLTIBfl2/S:«:fTofc« x HI 5 (b) fc**i-J:5fc* 

[0 0 5 7] C©J:5^*riSSix^>rv^^*s' hAie 
fik^y KoKS?iat;BfII:a7l:^t 0 

[0 0 5 8] i7(i^tJ:9{:> J£®ftfEifrS 3 2 o £ 
»fiJM-*ffi*ft«7 0Xtf±««W8 0ttK*W^tt# 
JE*>3§£^1 2rt{C^ 0 ^--V^$ttTl/^o — T 
mffiiSS 6 oti. 3feK:Stbfc«i»^£E*a5^l 2tc^jC 

*isj-JH««|-ef±jE*»±a 1 2{c^f£;^6®«c(ort{|ij 

"C^ — ~>-^£;h,-C^<5 0 30 
[00 5 9] *JHfc*|B-ef4, ±Iil8 0 

:oit«8 0^HHn^£«ffctBVi«|S3 2 ooiBffl^ 
^ott>6o ^/c, E«*«7 0(O*aiiiTSai86 0 

«fcftaiUfcTWH*6 0±tct/ESft:fll7 0f2^/&£ 

fE®)SB3 3 0 fcftot^S, 
[0 0 6 0] £fc, r^>JEm**Hi»lSP3 3 OffiUiOJE^J 

3 2 0(£>lftg|£ LTfflt^tt6ia»fflT«fiiR6 l £ft 
ot^6o ^U-C. C«SfflTl«6 1 fi. — 

&5 3 3 0±irjgR£*Lfcy- K«ffil 0 O^tTEl 

frt6»«3 2 o<z)±«ffiffli8 o^sa^ttri^o ft 
ib\ :(oMTlffi6 1 £T*ffi!»6 0 t©B0)T 

«Bt6 0 ty-Ktftl OO^^i^tl^o so 
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[0061] z<dx 0 t*jat«?HB-ett. 

3 2 0 tf> y - K«ffi 1 0 0 <DB\ £ Iti L«JOiHfflS^MB!Hw, 

^trmmme o<Dt&&t<D$&mz*:%<-fz>z£frx 

otk ffiSfffi6»W3 2 OCD«»ffl5X-^«#5ata36S*# 
<ft5r£#ft<, EE*ft:jR7 0Ote»«t««ES:B6it-r 
5:^^6 0 lEm*ffi»ffi 3 2 0 ^E«f*:lSi 

7 0(Off$dSiS— ^ft6fc«)K««Ht*srn]±i-So 

[0 0 6 2] ft*3, *Hlfe?gjBT*tt. £«flcttlbA3 2 
0<D&m&J&I&'&, *»<O±«fiBt8 0*|» 

*-T^r fcl£J:0JE«*#fMMlS-3 3 0 LAc^. rco 
^l^g^avf. T1SS6 ocoiffigpifi^ 

WK6 OWiSSl5iS«OflEm»»7 0iil±l»8 0^ 
*»Lftt\fc5fcU ^©»»fcflE«»*tB»«3 3 0 

[0 0 6 3] £fc. *HJ6?gffiT-fi. E1M[7 0(OKI 

[oo6 4] *mffiBmx*&, rmmmeo* 
mm<Dm&'tzi£'mm*3 o oizKoxmrnftimrtz 

«fc5JwLTt>J:i\ C(D^g\ E!8 (a) Ci^-r J: o 

#ee*»**i 2^e>§i#asixfcT«ffiiBi6 o^ 

8 (b) icTrt-rx?^ &j±mm*3 o omzt&rthti 

fcEifflTl»6 1 £5gj^LT^iim^£ IT, Tl 
8i^6 0^Ef$i^3 0 0WfiBU«ffi^ Ltti^o 

[0 0 6 5] £fc, ^OJ:^cTiifl|6 0^El$ 
T-3 0 0»t^^--^^Lfc*&^*i, E1M7 0 

«*rpJP«80ffliJ® SrffiSfrJB 7 0T'«5J:5l:LttJ: 

[0 0 6 6] Lfcmm^lgib^ 3 2 0 RXfJEJl 

oirx^T^. g 1 lOTt J: 5 y ^t>f Xto 

o. at^-f v^^fflfl«4 o t«gi5ks#u-c— flcfbu. -y 

[0 0 6 7] ^fc. rOi^CML/c^y^^xy h 
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i: lr J: «K EEA»4*i 2f*w/£;^RS 

[0068] (fflKDHi£?Kffi) *mw<n&nmm 

[0 0 6 9] Wx-tf. ±3iLfc:£flbR2 0<&<&. ^il^ 

y^^mt\^xi>x<. jew: a *-e*> 

[0 0 7 0] .±*Lfc***<|-ett, yX/MMn 

**ioj (c^ai-r e y x/hm p ^Mirt) <£ i \ 
[0071] z<D£5\z.m&vfrnmmm<n&m®&m 
&m9. ^(Dffi&vwrm&mi o^ti^ti^to 20 

2 bfcsWRStu ^tbp,yx/uwp 1 1 
fcE*»tll 2 ££rigili-<5y X/uigiip 2 2^, ^ 
ibK2 0, y ^ IMS 3 0 s^fftte 4 1 

[0 0 7 2] ^tt^ffid, -t^te, *fclffi4 1 

Atj ^stwmkA 0 Ak&wmwk u ^o^mmm 

4 0AI^P4 0b^.MUcMfi, S*W^±»L. 

■cKi-r$ttMtt*i»-r5o 30 

[0 0 7 3] £)§^ «±|feWLfc*HiEJglitt. Itll 

[0 0 7 4] «±RWLfc#llii*tBfi. /SIRS. 

63lilgtMtfM y^^s/ hztfEfi^y KSrWcUfctf, 

[0075] :<7)J:9(:, ^jffi^lcSLft 

[0076] ztib&mi&mm<D'< ^w^y v 
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[0 0 7 7] [Hi 1 IC^-TJ: 9 [H N <i*s9*s=~y h*tlE 
KSr^-TSIEft^y K^- — y h 1 A&(/ 1 Bli. 
-fy^»»faS:«dct5^- h y s/v^2AW2B^ 
*Kpr«i:K*te>*K :oiBB^s/ K«s/ h 1 A^ 

[0 0 7 8] ^It, Mb^e— * 6<£>S2Hi;tiJ& s EI^L/j? 
T»»$n5o iS«**4 tCtt^rir y 5^3K:» 

[0 0 7 9] 

ssm&m-t solvit, -rnzxv, mwtmmmM 
t®ftmx-<Dmmj&m&ffi±'tz>zk&x^. i^ttat; 

[mi] *58M©ja6*»l^«5>f 
[HI 2] *»M<o*S6«llRi^«5>f h*E 
6 0 

[13] Hl<o»Jhtt<oSE««S:^-r»«H-c*>5 0 

[b 4 ] *&w<Dmmxm 1 ^^ms^xm^^-r^M 

[El 5] ^«RO|ltt^j|fi l ^ffHHifixaSr^i-Vrffi 
[H6] ^^<0|ltt«ttl(Off|RHitxa«r^i-Wrffi 

mr^5 0 

[0 7] M(D»|ii:i6^^^xy h^Cte 

[m9] *&W(Dm<DnmMm^&z4 y h^: 
[mi o] *mm<Dm<Dnffijtm\z&z > 4 v*^** h 
[mi i] &&m<D-mmj&miz&z>>< h^: 
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1 2 JE*»*a 

5 o 

6 o rmmm 

6 i GfllfflTttlSIBI 



7 0 E1 

s o ±mmm 
300 j±mB^ 

3 2 0 

330 sm#^teib« 



in 
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